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COMMUNICATIONS CONNECTORS WITH
SIGNAL CURRENT SPLITTING

FIELD OF THE INVENTION

The present invention relates generally to communication
connectors and more particularly to communications con-

nectors having crosstalk compensation mechanisms.

BACKGROUND OF THE INVENTION

In an electrical communications system, 1t 1s sometimes

advantageous to transmit information signals (e.g., Video,,
audio, data) over a pair of conductors (heremafter a “‘con-
ductor pair” or a “differential pair” or simply a “pair’) rather
than a single conductor. The signals transmitted on each
conductor of the diflerential pair have equal magnitudes, but
opposite phases, and the mnformation signal 1s embedded as
the voltage difference between the signals carried on the two
conductors. This transmission technique 1s generally
referred to as “balanced” transmission. When signals are
transmitted over a conductor such as a copper wire 1n a
communications cable, electrical noise from external
sources such as lightning, computer equipment, radio sta-
tions, etc. may be picked up by the conductor, degrading the
quality of the signal carried by the conductor. With balanced
transmission techniques, each conductor in a differential pair
often picks up approximately the same amount of noise from
these external sources. Because approximately an equal
amount of noise 1s added to the signals carried by both
conductors of the differential pair, the information signal 1s
typically not disturbed, as the information signal 1s extracted
by taking the difference of the signals carried on the two
conductors of the differential pair; thus the noise signal 1s
cancelled out by the subtraction process.
Many communications systems include a plurality of
differential pairs. For example, high speed communications
systems that are used to connect computers and/or other
processing devices to local area networks and/or to external
networks such as the Internet typically include four differ-
ential pairs. In such systems, the conductors of the multiple
differential pairs are usually bundled together within a cable,
and thus necessarily extend 1n the same direction for some
distance. Unfortunately, when multiple differential pairs are
bunched closely together, another type of noise referred to as
“crosstalk” may arise.

“Crosstalk™ refers to signal energy from a conductor of
one differential pair that 1s picked up by a conductor of
another differential pair in the commumnications system.
Typically, a variety of techmiques are used to reduce
crosstalk 1n communications systems such as, for example,
tightly twisting the paired conductors (which are typically
copper wires) 1n a cable, whereby different pairs are twisted
at different rates that are not harmonically related, so that
cach conductor 1n the cable picks up approximately equal
amounts of signal energy from the two conductors of each
of the other differential pairs included 1n the cable. If this
condition can be maintained, then the crosstalk noise may be
significantly reduced, as the conductors of each diflerential
pair carry equal magnitude, but opposite phase signals such
that the crosstalk added by the two conductors of a differ-
ential pair onto the other conductors in the cable tends to
cancel out. While such twisting of the conductors and/or
various other known techniques may substantially reduce
crosstalk 1in cables, most communications systems i1nclude
both cables and communications connectors that intercon-
nect the cables and/or connect the cables to computer
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2

hardware. Unfortunately, the communications connector
configurations that were adopted years ago generally did not
maintain the conductors of each differential pair a uniform
distance from the conductors of the other differential pairs 1n
the connector hardware. Moreover, in order to maintain
backward compatibility with connector hardware that 1s
already 1n place 1n existing homes and oflice buildings, the
connector configurations have, for the most part, not been
changed. As a result, many current connector designs gen-
erally introduce some amount of crosstalk.

FIG. 1 depicts an exemplary electrical communications
system 1n which crosstalk 1s likely to occur. As shown 1n
FIG. 1, a computer 11 1s connected by a cable 12 to a
modular wall jack 15 that 1s mounted 1n a wall plate 19. The
cable 12 contains a plurality of (typically four) differential
pairs. The cable 12 further includes a modular plug 13 at
cach end thereof. One of the modular plugs 13 inserts into
a modular jack (not pictured 1n FIG. 1) that 1s provided in the
back of the computer 11, and the second modular plug 13
inserts mto an opening 16 1n the front side of the modular
jack 135. The blades of each of the plugs 13 mate with
respective contacts 1-8 (not pictured 1in FIG. 1) of the jack
15 1into which the plug 1s 1mnserted. In this manner, informa-
tion signals may be communicated from the computer 11 to
the modular 15. The modular jack 15 includes a connector
assembly 17 at the back end thereof that receives and holds
wires from a second cable 18 that are individually pressed
into slots 1n the connector assembly 17 to make mechanical
and electrical connection. The second cable 18 may connect
the computer 11 to, for example, network equipment and/or
the Internet.

Pursuant to certain industry standards (e.g., the TIA/EIA-
568-B.2-1 standard approved Jun. 20, 2002 by the Telecom-
munications Industry Association), the communication sys-
tem of FIG. 1 may include a total of eight information signal
carrying conductors (four differential pairs). These standards
also specity that, at the plug-jack mating point, the eight
contacts 1-8 of the jack 15 are aligned 1n a row 1n a generally
parallel, side-by-side relationship. These standards further
define the specific position of the contacts 1-8 of each of the
four differential pairs. The contact positions and pair assign-
ments according to the T568B designation are shown i FIG.
2. The other designation defined in the standards, namely
T368A, 1s similar with the exception that the assignments of
pairs 2 and 3 are swapped. As shown i FIG. 2, i the
plug-jack mating region where the blades of the modular
plug 13 (see FI1G. 1) mate with the contacts 1-8 (herein, these
contacts may also be referred to as “contact wires”) of the
modular jack 15, the contacts of each diflerential pair are not
equidistant from the contacts of the other differential pairs.
By way of example, contact 3 (of pair 3) 1s closer to contact
2 (of pair 2) than to contact 1 (of pair 2). Consequently, when
the conductors of pair 3 are excited diflerentially (1.e., when
a differential information signal 1s transmitted over pair 3),
a first amount of signal energy 1s coupled (capacitively
and/or inductively) onto contact 2 from contact 3 and a
second (lesser) amount of signal energy 1s coupled (capaci-
tively and inductively) onto contact 1 from contact 3. As
such, the signals induced from contact 3 onto contacts 2 and
1 of pair 2 do not completely cancel each other out, and what
1s known as a differential-to-diflerential crosstalk signal 1s
induced on pair 1. This diferential-to-differential crosstalk
includes both near-end crosstalk (NEXT), which 1s the
crosstalk measured at an input location corresponding to a
source at the same location, and far-end crosstalk (FEXT),
which 1s the crosstalk measured at the output location
corresponding to a source at the mput location. Both types
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of crosstalk comprise an undesirable signal that interferes
with the information signal. Differential-to-differential
crosstalk also 1s induced from contact 6 of pair 3 onto
contacts 1 and 2 of pair 1, although the impact of this
crosstalk tends to be significantly smaller due to the much
greater distance (and hence reduced coupling) between
contact 6 and contacts 1 and 2. Similar differential-to-
differential crosstalk arises to varying degrees with respect
to each of the other differential pairs 1n the modular plug 13
and the modular jack 15, with the hlghest levels of differ-
ential-to-diflerential crosstalk occurring between the con-
tacts of pairs 1 and 3 due to the interlacing of the contacts
of these pairs at the plug-jack mating point (1.e., the contacts
of pair 1 are sandwiched between the contacts of pair 3).

A second type of crosstalk, referred to as differential-to-
common mode crosstalk, may also be generated as a result
of, among other things, the industry standard defined con-
figurations for the conductors of the four differential pairs at
the plug-jack mating point. Differential-to-common mode
crosstalk arises where the conductors of a diflerential patr,
when excited differentially, couple unequal amounts of
energy on both conductors of another differential pair where
the two conductors of the victim diflerential pair are treated
as the equivalent of a single conductor. By way of example,
the contacts of pair 3 (contacts 3 and 6) are not spaced an
equal distance from the contacts of pair 2 (contacts 1 and 2)
or pair 4 (contacts 7 and 8). Specifically, contact 3 1s located
immediately adjacent contacts 1 and 2 1n the contact region,
whereas contact 6 1s located some distance from contacts 1
and 2. Similarly, contact 6 i1s located immediately adjacent
contacts 7 and 8 in the contact region, whereas contact 3 1s
located some distance from contacts 7 and 8. As a result,
when pair 3 1s excited diflerentially, differential-to-common
mode crosstalk 1s induced onto both pair 2 (from contact 3
of pair 3) and on pair 4 (from contact 6 of pair 3). This
crosstalk 1s an undesirable signal that may, for example,
negatively eflect the overall channel performance of the
communications system. While typically the highest level of
differential-to-common mode crosstalk 1s the common mode
crosstalk that 1s induced from pair 3 onto pairs 2 and 4,
differential-to-common mode crosstalk may also be induced
between various of the other diflerential pairs.

SUMMARY OF THE INVENTION

Pursuant to embodiments of the present invention, com-
munication connectors are provided that include a first
contact having a first section and a second section that are
separated by a contact region, and a second contact having
a first section and a second section that are separated by a
contact region. These connectors also have a first output
terminal that 1s electrically connected to the contact region
of the first contact by a first conductive path and a second
output terminal that 1s electrically connected to the contact
region of the second contact by a second conductive path. In
these connectors, the first conductive path includes a first
segment that extends from the contact region of the first
contact through at least a portion of the first section of the
first contact, and a second segment that extends from the
contact region of the first contact through at least a portion
of the second section of the first contact.

In certain embodiments of these connectors, the first and
second segments of the first conductive path intersect at the
contact region of the first contact and also intersect at a first
end of a third segment of the first conductive path that
connects the first and second segments of the first conduc-
tive path to the first output terminal. An end portion of the
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first section of the first contact may be mounted 1n a wiring
board, and the second segment of the first conductive path
may include a contact pad on the wiring board that mates
with a portion of the second section of the first contact. The
second segment of the first conductive path may further
include a first conductive trace on the wiring board that 1s
clectrically connected to the contact pad. The first conduc-
tive path may also include a second conductive trace on the
wiring board that comprises at least part of an electrical path
between the first section of the first contact and the first
output terminal. The first conductive trace may intersect the
clectrical path between the first section of the first contact
and the first output terminal.

The first segment and the second segment of the first
conductive path may together form a conductive loop. The
current on the first segment may have an instantaneous
current that flows 1n a clockwise direction on the conductive
loop when the current on the second segment has an 1nstan-
taneous current that flows in a counterclockwise direction.

The first and second segments of the first conductive path
may be sized and configured 1n some embodiments so that
at least 50 percent of a current applied to the contact region
of the first contact travels through the second segment of the
first conductive path. In other embodiments, the first and
second segments of the first conductive path are sized and
configured so that at least 75 percent of a current applied to
the contact region of the first contact travels through the
second segment of the first conductive path.

In some embodiments, the connector also includes a third
contact and a fourth contact. These connectors also have a
third output terminal that 1s connected to a contact region of
the third contact by a third conductive path and a fourth
output terminal that 1s connected to a contact region of the
fourth contact by a fourth conductive path. In these embodi-
ments, the first contact and the second contact together may
comprise a first differential pair of contacts, and the third
contact and the fourth contact may together comprise a
second differential pair of contacts. The contact region of the
third contact and the contact region of the fourth contact may
be sandwiched between the contact region of the first contact
and the contact region of the second contact.

In some embodiments, a third differential pair of contacts
1s provided adjacent the first contact and a fourth diflerential
pair ol contacts 1s provided adjacent the second contact. The
second conductive path may include a first segment that
extends from the contact region of the second contact
through at least a portion of the first section of the second
contact and a second segment that extends from the contact
region of the second contact through at least a portion of the
second section of the second contact. The first and second
segments of the second conductive path may intersect at the
contact region of the second contact and at a first end of a
third segment of the second conductive path that connects
the first and second segments of the second conductive path
to the second output terminal. An end portion of the first
section of the second contact may be mounted 1n the wiring
board. The second segment of the second conductive path
may 1nclude a second contact pad on the wiring board that
mates with a portion of the second section of the second
contact when a mating connector 1s mserted into the com-
munications connector. The second segment of the second
conductive path may also include a third conductive trace on
the wiring board that is electrically connected to the second
contact pad. In some of these embodiments, the first con-
ductive trace and the third conductive trace may form a
crossover on the wiring board. In some embodiments, the

magnetic coupling between the first contact and the third
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differential pair that results when a current 1s applied to the
contact region of the first contact 1s reduced due to having
some of that current flowing in the second segment.

Pursuant to further embodiments of the present invention,
modular jacks are provided that include a plurality of
contacts, each of the contacts including a fixed portion, a
distal end and a contact region that 1s located between the
fixed portion and the distal end. These jacks also include a
plurality of output terminals that are electrically connected
to respective ones of the plurality of contacts. In these jacks,
the electrical connection between a first of the plurality of
contacts and a first of the plurality of output terminals
comprises a first conductive path and a separate second
conductive path such that signal energy incident on the first
of the plurality of contacts 1s split into a first component that
travels to the first of the plurality of output terminals via the
first conductive path and a second component that travels to
the first of the plurality of output terminals via the second
conductive path.

The first and second conductive paths need not extend the
tull distance from the first of the plurality of contacts to the
first of the plurality of output terminals. By way of example,
in some embodiments, the first conductive path and the
second conductive path each extend from the contact region
to an intersection point where the first and second conduc-
tive paths meet. From this intersection point, a third con-
ductive path electrically connects the first and second con-
ductive paths to the first of the plurality of output terminals.
The first conductive path may extend from the contact
region on the first of the plurality of contacts through the
fixed portion of the first of the plurality of contacts to the
intersection point. The second conductive path may extend
from the contact region on the first of the plurality of
contacts through at least a portion of the first of the plurality
ol contacts between the contact region and the distal end of
the first of the plurality of contacts to the intersection point.
The second conductive path may further include a contact
pad on a wiring board that makes electrical contact with the
first of the plurality of contacts when a mating connector 1s
inserted 1nto the communications connector and a first
conductive trace on the wiring board that electrically con-
nects the contact pad to the intersection point.

Pursuant to still further embodiments of the present
invention, modular jacks are provided that include a first
contact having a fixed end, a free end and a contact region
that 1s configured to make electrical contact with a contact
of a mating modular plug, a first output terminal, a {first
conductive path that 1s configured to carry current tlowing
from the contact region of the first contact toward the free
end of the first contact to the first output terminal and a
second conductive path that 1s configured to carry current
flowing from the contact region of the first contact toward
the fixed end of the first contact to the first output terminal.

In some embodiments, these modular jacks also include a
wiring board that includes a first contact pad that makes
clectrical contact with the first contact when the modular
plug 1s inserted into the modular jack and a first conductive
trace that connects the first contact pad to the first output
terminal. In such embodiments, the first contact pad and the
first conductive trace are part of the first conductive path.
The second conductive path may comprise a second con-
ductive trace on the wiring board that connects the fixed end
of the first contact to the first output terminal. The first and
second conductive traces may include one or more common
conductive trace segments (1.e., the first and second con-
ductive paths may, 1n some locations, share a conductive
trace segment).
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Pursuant to still further embodiments of the present
invention, methods of conducting a communications signal
through a communications connector are provided. Pursuant
to these methods, the communications signal 1s received at
a contact region of a contact of the communications con-
nector. The recerved communications signal 1s split into a
first component and a second component. The first compo-
nent 1s conducted through at least a portion of the commu-
nications connector on a first conductive path, and the
second component 1s conducted through at least a portion of
the communications connector on a second conductive path
that 1s different from the first conductive path. The first
component and the second component are recombined to
form a recombined communications signal. Finally, the
recombined communications signal 1s output at an output
terminal of the communications connector.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s a schematic drawing that 1llustrates the use of
modular plug and modular jack connectors to interconnect a
computer with a communications cable.

FIG. 2 1s a front perspective view of a modular jack
illustrating the contact and pair assignments for an 8-posi-
tion telecommunications outlet (T568B).

FIG. 3 1s an exploded perspective view of a communica-
tions jack according to embodiments of the present inven-
tion.

FIG. 4 1s an enlarged, partial perspective view of the
communications insert of the jack of FIG. 3.

FIGS. 5A-F are top views of each layer of the wiring
board of the jack of FIG. 3.

FIG. 6 1s a side view of contacts of the jack of FIG. 3.

FIG. 7 1s a further enlarged, partial perspective view of the
communications insert ol FIG. 4.

FIG. 8 15 a side view of a contact of the jack of FIG. 3
mounted in the wiring board.

FIG. 9 15 a partial perspective view of a wiring board of
the jack of FIG. 3 according to further embodiments of the
present 1nvention.

FIG. 10 1s a perspective view of a communications msert
of a jack according to further embodiments of the present
invention.

FIG. 11 1s a plan view of a wiring board of the jack of FIG.
10.

FIG. 12 1s a plan view of a wiring board according to
further embodiments of the present invention.

DETAILED DESCRIPTION

The present invention will be described more particularly
heremnafter with reference to the accompanying drawings.
The 1nvention 1s not imntended to be limited to the 1llustrated
embodiments; rather, these embodiments are intended to
tully and completely disclose the invention to those skilled
in this art. In the drawings, like numbers refer to like
clements throughout. Thicknesses and dimensions of some
components may be exaggerated for clarty.

Spatially relative terms, such as “under”, “below”,
“lower”, “over”, “upper”’, “top”, “bottom” and the like, may
be used heremn for ease of description to describe one
clement or feature’s relationship to another element(s) or
teature(s) as illustrated 1n the figures. It will be understood
that the spatially relative terms are intended to encompass
different orientations of the device in use or operation 1n
addition to the orientation depicted in the figures. For

example, 11 the device 1n the figures 1s turned over, elements
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described as “under” or “beneath” other elements or features
would then be oriented “over” the other elements or features.
Thus, the exemplary term “under” can encompass both an
orientation of over and under. The device may be otherwise
oriented (rotated 90 degrees or at other orientations) and the
spatially relative descriptors used herein interpreted accord-
ingly.

Well-known {functions or constructions may not be
described 1n detail for brevity and/or clarity. As used herein
the expression “and/or” includes any and all combinations of
one or more of the associated listed items.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises”, “compris-
ing”’, “includes” and/or “including” when used 1n this speci-
fication, specily the presence of stated features, operations,
clements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, operations,
clements, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined 1n commonly used dictio-
naries, should be interpreted as having a meaning that 1s
consistent with their meaning in the context of the relevant
art and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.

This invention 1s directed to communications connectors,
with a primary example of such being a modular jack. As
used herein, the terms “forward”, “forwardly”, and “front™
and derivatives thereof refer to the direction defined by a
vector extending from the center of the jack toward the plug
opening of the jack. Conversely, the terms “rearward”,
“rearwardly”, and derivatives thereof refer to the direction
directly opposite the forward direction; the rearward direc-
tion 1s defined by a vector that extends away from the plug
opening toward the remainder of the jack. Where used, the
terms “‘attached”, “connected”, “interconnected”, “‘contact-
ing”, “mounted” and the like can mean either direct or
indirect attachment or contact between elements, unless
stated otherwise.

Herein, the term “conductive path” refers to a current
carrying path on which an information signal can travel on

its way from the mput to the output of a communications
connector. Conductive paths may include, for example, a
series of conductive trace segments on a wiring board,
plated-through holes, portions of contact wires, conductive
pads, and/or various other electrically conductive compo-
nents over which an information signal may be transmitted.
A conductive path need not extend the entire way from the
input to the output of the connector, but can instead connect
to one or more additional conductive paths that complete the
information signal carrying path from the input to the output
of the connector. Each conductive path may have multiple
segments, which may be arranged in series and/or which
may be arranged in parallel to implement signal current
splitting concepts according to embodiments of the present
invention. Branches that extend from a conductive path and
then dead end such as, for example, a branch from the
conductive path that forms one of the electrodes of an
interdigitated finger capacitor, are not considered part of the
conductive path, even though these branches are electrically
connected to the conductive path, as the communications
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signal does not flow through such dead end branches on its
way Ifrom the input to the output of the connector.

Herein, the term “conductive trace” refers to a conductive
path implemented from a first point to a second point on a
wiring board. A conductive trace may include multiple
conductive trace segments which may be implemented on
one or more layers of the wiring board, and may also include
plated through holes or other known elements that may be
used to electrically connect conductive trace segments.

Herein, the term “contact” and the term “output terminal”
refer to, respectively, an interface element to a mating
connector at which an information signal (or a portion
thereol) 1s input into or output from a communications
connector and an interface element to a terminating cable at
which an information signal (or a portion thereot) 1s output
from or mput mnto the communications connector. The
contact, may, for example, comprise a contact wire, a trace
on a flexible printed circuit board, a plug blade, etc. The
output terminal may, for example, comprise an insulation
displacement contact (IDC), another wire connector, a cable
wire, etc.

FIGS. 3-8 depict a communications connector 100
according to some embodiments of the present invention.
The communications connector 100 depicted in FIGS. 3-8 1s
a modular jack 100. As shown in FIG. 3, the jack 100
includes a jack frame or housing 112 having a plug aperture
114 for receiving a mating plug (not shown i FIG. 3), a
cover 116 and a terminal housing 118. These components
may be conventionally formed and not need be described in
detail herein. For a further description of these components
and the manner 1n which they interconnect, see, for example,
U.S. Pat. No. 6,350,158 to Arnett et al., the disclosure of
which 1s hereby incorporated herein 1n 1ts entirety. Those
skilled 1n this art will recognize that other configurations of
jack frames, covers and terminal housings may also be
employed with the present invention. An example of such
other configurations 1s 1llustrated in U.S. Pat. No. 6,165,023
to Troutman et al., the disclosure of which 1s hereby 1ncor-
porated herein 1n its entirety.

As can also be seen in FIG. 3, the jack 100 further
includes a communications msert 110. The communications
isert 110 1s received 1nto an opening in the rear of the jack
frame 112. A first surface of the communications insert 110
1s protected by the cover 116, and a second surface of the
communications msert 110 1s covered and protected by the
terminal housing 118. It will be appreciated that the jack 100
of FIGS. 3-8 would typically be imverted to have the
orientation shown in FIG. 2 when installed, as such an
orientation can reduce buildup of dust and dirt on the jack
contacts that may degrade the electrical connection between
the plug blades and the jack contacts.

FIG. 4 1s an enlarged view of the communications insert
110. The communications insert 110 includes a wiring board
120, which may be formed of conventional materials. Spe-
cialized wiring boards such as, for example, flexible printed
circuit boards could also be used. In the embodiment of the
present invention depicted in FIGS. 3-8, the wiring board
120 comprises a multi-layer printed wiring board that 1s
substantially planar. As shown 1n FIG. 4, eight contacts
101-108 are mounted on a top surface 124 of the wiring
board 120. The contacts 101-108 may comprise conven-
tional contacts such as the contacts described 1n U.S. Pat.
No. 6,350,158 referenced above. As shown best 1n FIGS. 7
and 8, each of the contact wires 101-108 has a fixed portion
101a-108a that 1s mounted 1n the wiring board 120, and a
distal end 1015-1085 that terminates near a forward portion
of the top surface 124 of the printed wiring board 120. In this
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particular embodiment, the distal ends 1015-108b are “iree”
ends 1n that they are not mounted in the wiring board 120 or
in another substrate, and hence can detlect when a plug 1s
inserted 1nto the jack 100. Each of the contacts 101-108 also
includes a contact region 101c-108c¢ that 1s located between
the fixed portion 101a-108a and the distal end 1015-10856 of
the contact. The contact region 101c-108¢ divides each
contact 1nto a first section 1014-1084 and a second section
101e-108¢e. The jack 1s configured so that each blade of a
mating plug comes i1nto contact with the contact region
101c-108c¢ of respective ones of the contacts 101-108 when
a plug 1s mserted into the plug aperture 114. The contacts
101-108 may have substantially the same profile, as shown
in FIG. 6, and may be substantially transversely aligned 1n
side-by-side relationship. However, in other embodiments of
the present invention, the contacts 101-108 may have dii-
ferent profiles and may not be in a side-by-side relationship
(except in the contact region 101c-108¢ to the extent
required by regulatory standards). Fach of the contacts
101-108 extends 1nto the plug aperture 114 to form physical
and electrical contact with the blades of a mating plug 13. As
shown best in FIG. 4, the distal ends 1015-108%5 of the
contact wires 101-108 may extend into individual slots
1294a-129/ that are provided at or near a forward edge of the
top surface 124 of the wiring board 120.

The contact wires 101-108 are arranged in pairs defined
by TIA 568B (see FI1G. 2 and the discussion above). Accord-
ingly, contacts 104, 105 (pair 1) are adjacent to each other
and 1n the center of the sequence of contacts, contacts 101,
102 (pair 2) are adjacent to each other and occupy the
rightmost two contact positions (from the vantage point of
FIG. 4), contacts 107, 108 (pair 4) are adjacent to each other
and occupy the leftmost two positions (from the vantage
point of FIG. 4), and contacts 103, 106 (pair 3) are posi-
tioned between, respectively, pairs 1 and 2 and pairs 1 and
4. Note that these contact positions are consistent with the
contact positions depicted 1n FIG. 2, as the jack i FIGS. 3
and 4 1s depicted 1n an mverted orientation.

As shown best in FIGS. 4 and 5A, the contacts 101-108
are mounted to the wiring board 120 via insertion nto
respective apertures 131-138. These apertures 131-138 may
comprise, for example, metal-plated holes or “vias”. The
contacts 101-108 may be mterference fit within the apertures
131-138. In the embodiment of FIGS. 3-8, the apertures
131-138 are arranged 1n a “dual diagonal” pattern (see FIG.
5A) known to those skilled 1n this art as described 1n U.S.
Pat. No. 6,196,880 to Goodrich et al., the disclosure of
which 1s hereby incorporated herein in 1ts entirety. Those
skilled 1n this art will appreciate that contact wires or other
contacts ol other configurations may be used. As one
example, contact wires configured as described in aforemen-
tioned U.S. Pat. No. 6,165,023 to Troutman et al. may be
employed.

As can be seen 1n FIGS. 4 and 6-7, contacts 101 and 102
(pair 2), contacts 104 and 105 (pair 1) and contacts 107 and
108 (pair 4) each include a “crossover” 109a, 1095, 109c,
respectively, 1n which the contacts of the respective difler-
ential pairs cross each other without making electrical
contact when viewed from above or below. In this particular
embodiment, the crossovers 109q, 1095, 109¢ are config-
ured so that the contacts of diflerential pairs 1, 2 and 4 trade
positions on opposite sides of the crossover. In particular, as
shown 1n FIGS. 4 and 6, the crossovers 1094, 10956, 109¢ are
configured such that the distal end of one contact of the pair
(e.g., the distal end 1026 of contact 102) 1s substantially
longitudinally aligned with the fixed end portion of the other
contact of the pair (e.g., the fixed end 1014 of contact 101).
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It will be appreciated however, that crossovers need not have
such aligned conductors and, in fact, when crossovers are
implemented on a printed wiring board of the connector, the
traces will typically not be substantially longitudinally
aligned as described above. As shown 1n FIGS. 4 and 6, 1n
this particular embodiment the crossovers 109q, 1095, 109¢
are located between the contact region 101c-108¢ where the
contacts make physical and electrical contact with the blades
of a mating plug and the fixed portion 101a-108a of the
contacts that are mounted in the wiring board 120.

The crossovers 109q, 1095, 109¢ are included to provide
compensatory crosstalk. In the illustrated embodiment, the
crossovers 109q, 1095, 109¢ are implemented via comple-
mentary localized bends in the contacts, with one contact
being bent upwardly and the other contact being bent
downwardly. The presence of a crossover, structural 1imple-
mentations thereof, and its eflect on crosstalk are discussed
in some detail 1n U.S. Pat. No. 5,997,358 to Adriaenssens et
al. (*the 358 patent”) and U.S. Pat. No. 5,186,647 to
Denkmann et al., the disclosures of which are hereby
incorporated herein by reference. These crossovers work 1n
conjunction with additional crosstalk compensation stages
that are 1included, for example, on the wiring board 120 to
approximately  cancel the  differential-to-differential
crosstalk using, among other things, the multi-stage
crosstalk compensation techniques that are described 1n the
above-referenced *358 patent. It will also be appreciated that
techniques other than crossovers may be used to provide
crosstalk compensation such as, for example, the inclusion
of capacitors and/or inductors (or conductors that are con-
figured to inductively couple). Such crosstalk compensation
clements may be implemented on the wiring board and/or
may be located elsewhere 1n the connector (e.g., in the jack
housing).

As shown in FIG. 4, the communications insert 110
includes eight output terminals 141-148. In the particular
embodiment of the present invention depicted in FIGS. 3-8,
the output terminals 141-148 are implemented as IDCs
141-148 that are 1nserted 1nto eight respective IDC apertures
151-158 (see FIG. 5A). The IDCs 141-148 may be of
conventional construction and need not be described 1n
detail herein. Exemplary IDCs are 1llustrated and described
in U.S. Pat. No. 5,975,919 to Arnett, the disclosure of which
1s hereby incorporated by reference herein in 1ts entirety.
Note that some or all of the IDCs are omitted in FIGS. 6-8
in order to better highlight the contact configuration.

As noted above, the wiring board 120 1s a multi-layer
wiring board, although 1n other embodiments of the present
invention the wiring board 120 may comprise a single layer
wiring board. It will also be appreciated that more than one
wiring board 120 may be included in the connector 100, and
that, 1n certain embodiments, the techniques of the present
invention could be implemented without the use of wiring
boards at all. FIGS. 5A-F are top views of each layer
120a-120f of the six-layer printed wiring board 120 that 1s
used 1n one particular embodiment of the present invention.
It will be appreciated, however, that the present invention 1s
not limited by the particular wiring board depicted 1n FIGS.
5A-5F, and that these figures are only provided so that this
disclosure will be thorough and complete and readily under-
standable to those of skill 1n the art.

In FIGS. 5A and 5F, each of the contact apertures 131-138
and the IDC apertures 151-158 are shown. In FIGS. 5B-5E,
only a subset of the contact apertures 131-138 and/or the DC
apertures 1351-158 are depicted to simplify the figures (typi-
cally only the apertures that connect to electrical traces on
the particular layer are shown). The printed wiring board
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120 includes a plurality of conductive traces that electrically
connect each of the contact apertures 131-138 to a respective
one of the IDC apertures 151-158. These conductive traces
are shown in FIGS. 5A-5F. Most of the traces are not
numbered due to the large number of traces included on each
layer of the wiring board 120. The conductive traces may be
formed of conventional conductive materials such as, for
example, copper, and are deposited on the wiring board 120
via any deposition method known to those skilled 1n this art
to be suitable for the application of conductors. A few of the
conductive traces that electrically connect one of the contact
apertures 131-138 to 1ts respective IDC aperture 151-158
reside entirely on a single layer of the wiring board 20 (see,
¢.g., the conductive trace 161 connecting contact aperture
131 to DC aperture 151 and the conductive trace 164
connecting contact aperture 134 to IDC aperture 154 1n FIG.
5F). More typically, i this particular embodiment, the
conductive trace comprises a plurality of conductive trace
segments that reside on multiple layers of the wiring board
120. These conductive trace segments travel between layers
through the inclusion of vias (also known as plated through
holes) or other layer-transierring structures known to those
skilled 1n this art.

For example, a conductive trace segment 1634 electrically
connects contact aperture 133 to a plated-through hole 1635
on layer 120a of the wiring board 120 (see FIG. 5A). The
plated-through hole 1635 connects to a second conductive
trace segment 163¢ on layer 120f of the wiring board 120
(see FIG. SF). A second end of conductive trace segment
163¢ terminates at another plated-through hole 163d. The
plated-through hole 163d connects to a third conductive
trace segment 163¢ on layer 1204 of the wiring board 120
(see FIG. 5D) that electrically connects the plated-through
hole 1634 to the DC aperture 153. The conductive trace
segments 163a, 163¢, 163¢, along with the plated-through
holes 1635, 1634 together form a conductive trace 163 that
clectrically connects contact aperture 133 to IDC aperture
153. Among other things, by routing many of the conductive
traces on multiple layers of the wiring board 120 it 1s
possible to have the conductive traces for different conduc-
tors cross over each other without forming an electrical
connection therebetween. As discussed above, such cross-
overs may facilitate the implementation of compensatory
crosstalk elements on the wiring board 120.

As another example, a conductive trace segment 166a

clectrically connects contact aperture 136 to a plated-
through hole 1665 on layer 120a of the wiring board 120

(see FIG. 5A). The plated-through hole 1665 connects to a
second conductive trace segment 166¢ on layer 1204 of the
wiring board 120 (see FIG. 5D). A second end of conductive
trace segment 166¢ electrically connects the plated-through
hole 1666 to the IDC aperture 156. The conductive trace
segments 166a, 166¢, together with the plated-through hole
1665, form a conductive trace 166 that electrically connects
contact aperture 136 to IDC aperture 156.

The wiring board 120 may further include a plurality of
crosstalk compensation elements. For example, as shown 1n
FIGS. 5D and SE, mnterdigitated finger capacitors 180, 181
and 182, 183 are provided near the forward edge of layers
1204 and 120e of printed circuit board 120. Interdigitated
finger capacitors 180 and 182 each capacitively couple
energy between the conductive paths connected to contacts
104 and 106, while interdigitated finger capacitors 181 and
183 cach capacitively couple energy between the conductive
paths connected to contacts 103 and 105. These capacitors
180-183 provide a first stage of capacitive diflerential-to-
differential crosstalk compensation that 1s part of the multi-
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stage compensation scheme discussed above. As seen from
FIGS. 5A, 5D and 5E, the capacitors 180-183 are electrically
connected to their respective contacts (1.e., either contacts
103 and 105 or contacts 104 and 106) via the conductive
pads 173-176 and plated through holes 183a-186a. Addi-
tional stages of crosstalk compensation are also provided on
the printed circuit board 120, such as, for example, the
interdigitated finger capacitors 184 (on layer 120¢) and 187
(on layer 120d) that each capacitively couple energy
between the conductive paths connected to contacts 105 and
106, and the interdigitated finger capacitors 185 (on layer
120¢) and 186 (on layer 120d) that each capacitively couple

energy between the conductive paths connected to contacts
103 and 104.

In order to effectively cancel both NEX'T and FEXT forms
of crosstalk, 1t 1s typically necessary to provide both induc-
tive and capacitive compensation. The crossovers 109aq,
1095, 109¢ 1n the contact wires of pairs 1, 2 and 4 have been
shown 1n prior art connectors to be an eflective mechanism
for providing inductive differential-to-differential crosstalk
compensation which, when coupled with capacitive difler-
ential-to-diflerential crosstalk compensation (which 1s typi-
cally provided on the wiring board 120), may very ellec-
tively compensate for the diferential-to-differential
crosstalk introduced by the plug and 1n the industry standard
specified mating region between the plug and jack. How-
ever, this contact arrangement may be ineflective, and even
counterproductive, 1 providing adequate inductive difler-
ential-to-common mode crosstalk compensation 1n the jack
100. More specifically, the crossovers in contacts 101 and
102; 104 and 105; and 107 and 108 (i.e., 1n pairs 1, 2, and
4) provide inductive diflerential-to-differential crosstalk
compensation between pairs 1 and 3, pairs 2 and 3, and pairs
4 and 3. However, due to the large physical separation
between the contacts of pair 3 and their asymmetric place-
ment relative to pair 2 (and similarly to pair 4), the highest
levels of differential-to-common mode crosstalk in the plug
and the plug-jack mating region may tend to occur on pairs
2 and 4 when pair 3 1s excited differentially. This differen-
tial-to-common mode crosstalk between pairs 3 and 2 and
between pairs 3 and 4 can negatively impact channel per-
formance. The differential-to-common mode crosstalk
occurring when any of the pairs 1, 2 and 4 1s excited
differentially tends to be much less severe, and consequently
less problematic, because the separation between the con-
tacts 1 each of these pairs 1s one-third the separation
between the contacts of pair 3. The crossovers 109q, 1095,
109¢ on pairs 1, 2 and 4 inductively compensate for the less
severe differential-to-common mode crosstalk occurring
when any of pairs 1, 2 or 4 1s excited differentially. However,
due to the absence of a crossover on the contacts of pair 3,
the contact arrangement does not inductively compensate for
the typically more severe differential-to-common mode
crosstalk on pairs 2 and 4 when pair 3 1s diflerentially
excited, and can actually exacerbate this problem. This 1s
especially the when the jack receives a conventional plug
such as the one 1llustrated 1n U.S. Pat. No. 6,250,949 to Lin.

Turning again to FIG. 6, current splitting techniques that
may be used 1 communications connectors according to
embodiments of the present invention will be described.
These current splitting techniques may be used to, among
other things, reduce the differential-to-common mode
crosstalk received by the contacts of pairs 2 and 4 when pair
3 1s excited diflerentially. As shown in the (partial) side view
of jack 100 of FIG. 6, the modular jack 100 mates with a
modular plug such as, for example, the conventional modu-
lar plug 13 illustrated 1n FIG. 1 above. As shown in FIG. 6,
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the wiring board 120 includes a contact pad 172 that 1s
located near the forward edge of the top surface 124 of the
wiring board 120. As shown 1n FIG. 6, as the plug 13 mates
with the contacts 101-108, either the blades (one represen-
tative plug blade 1s shown in FIG. 6) and/or the housing of
the plug 13 force the distal ends of the contacts 101-108 to
deflect downwardly toward the top surface 124 of the wiring
board 120. Each of the plug blades contact their respective
mating contact 101-108 1n the contact region 101¢c-108¢ of
the contact. As a result of this deflection, a portion of the
distal end of contact 102 comes mnto direct and electrical
contact with the conductive pad 172. As shown best 1n FIG.
5A, 1n this particular embodiment of the present invention,
conductive pads 172-176 are located directly under the distal
ends of contacts 102-106 such that contacts 102-106 make
clectrical contact with respective ones of conductive pads
172-176 when a mating plug 13 is inserted into the jack 100.

The contact pads 172-176 may comprise any conductive
clement that mates with 1ts respective contact so as to
clectrically connect the contact to one or more conductive
traces, plated-through holes or other elements on the wiring,
board. The contact pads may, for example, comprise immer-
sion tin plated copper pads, small gold plated nail heads,
carbon ink pads, eftc.

As shown in FIGS. 5A, 5B and 5D, a first conductive trace
123 1s connected to contact pad 173, and a second conduc-
tive trace 126 1s connected to contact pad 176. The first
conductive trace 123 electrically connects contact pad 173 to
the conductive trace 163 between contact aperture 133 and
IDC aperture 153, while the second conductive trace 126
clectrically connects contact pad 176 to the conductive trace
166 between contact aperture 136 and DC aperture 156.
While in the particular embodiment pictured in FIGS. 3-8
the conductive traces 123 and 126 connect the contact pads
173, 176 to the contact apertures 133, 136, respectively, it
will be appreciated in light of the teachings of the present
invention that the conductive trace 123 may terminate
anywhere along the conductive trace 163 from the contact
region 103c¢ of contact 103 to IDC 143, and that the
conductive trace 126 may likewise terminate anywhere
along the conductive trace 166 from the contact region 106¢
of contact 106 to IDC 146. The conductive traces 123, 126
may alternatively terminate at the IDC apertures 153, 156,
respectively, or could be connected directly to the IDCs 143,
146, respectively.

FIG. 8 illustrates how a communication signal carried by
the plug blade that mates with contact 103 1s transferred to
the contact region 103¢ of contact 103. As shown by the
arrows 1n FIG. 8, the communication signal that 1s trans-
terred to the contact region 103c¢ 1s split into two compo-
nents 178 and 179. Component 178 travels from the contact
region 103¢ toward the fixed end 103a of contact 103, where
it 1s transierred to the contact aperture 133 in which the fixed
end 103a 1s mounted. Component 179 travels from the
contact region 103¢ toward the distal end 1035 of contact
103. Component 179 1s then transierred by the contact pad
173 to the conductive trace segment 123a on the top layer
120a of the printed circuit board 120. Signal component 179
flows from conductive trace segment 123a through the
plated-through hole 1235 to the conductive trace 123¢ on
layer 1206 of wiring board 120. Conductive trace 123c¢
terminates at the contact aperture 133. Thus, the signal
components 178 and 179 are recombined at the contact
aperture 133, from which they flow via conductive trace 163
to IDC 143.

It can likewise be seen from FIGS. 4 and 3 that a
communication signal carried by the plug blade that mates
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with contact 106 will be transferred to the contact region
106¢ of contact 106. This signal 1s then split mnto first and
second components. The first component travels from the
contact region 106¢ toward the fixed end 106a of contact
106, where 1t 1s transferred to the contact aperture 136 1n
which the fixed end 106a 1s mounted, The second compo-
nent travels from the contact region 106¢ toward the distal
end 1065 of contact 106. The second component 1s then
transierred by the contact pad 176 to the conductive trace
segment 126a on the top layer 120a of the printed circuit
board 120. The second component flows from conductive
trace segment 126a through the plated-through hole 1265 to
the conductive trace 126¢ on layer 1204 of wiring board 120.
Conductive trace 126¢ terminates at the contact aperture
136. Thus, the first and second components are recombined
at the contact aperture 136, from which they flow wvia
conductive trace 166 to IDC 146.

By splitting the information signal on contacts 103 and/or
106 into two components (e.g. components 178/179), 1t 1s
possible, pursuant to embodiments of the present invention,
to reduce the differential-to-common mode crosstalk
induced on the contacts 101 and 102 of pair 2 and/or on the
contacts 107 and 108 of pair 4 when pair 3 1s excited
differentially. In particular, 1n prior art jacks that do not
include the signal splitting concepts of embodiments of the
present 1nvention, the differential-to-common mode
crosstalk received by pair 2 when pair 3 1s excited difler-
entially may primarily arise via inductive coupling onto
contacts 101 and 102 from the magnetic field formed around
contact 103 by the current flowing through contact 103. This
magnetic field 1s formed along the region(s) of contact 103
where current 1s tlowing, namely from the contact region
103¢ to the fixed end 1034 of the contact. Due to the close
proximity between contact 103 and contacts 102 and 101 in
the region where the current flows through contact 103, this
magnetic field may couple a significant amount of energy
onto the contacts of pair 2. The magnetic field around
contact 106 similarly results i inductive coupling onto
contacts 107 and 108 of pair 4.

By splitting the current that flows from the contact region
of contact 103 so that conductive paths are provided that
allow current to flow to the output terminal 143 1n both
directions along the contact, the amount of current flowing
from the contact region 103c¢ to the fixed end 103a of contact
103 1s reduced. As a result, the intensity of the magnetic field
around this portion of contact 103 1s proportionately
reduced, as 1s the amount of crosstalk energy induced onto
contacts 102 and 101 from contact 103. A similar reduction
in signal coupling occurs between contact 106 and contacts
107 and 108 due to the signal splitting on contact 106.
Moreover, because of, among other things, the vertical
separation between the printed circuit board 120 and the
portions of contacts 101 and 102 that float above printed
circuit board 120, the magnetic field that surrounds conduc-
tive trace 123 couples much less strongly with contacts 101
and 102 than does the magnetic field around the segment of
contact 103 between contact region 103¢ and fixed end
103a. As a result, conductive trace 123 does not couple
strongly with contacts 101 and 102, and therefore the total
amount of coupling from contact 103 and conductive trace
123 to contacts 101 and 102 1s reduced as compared to the
total amount of coupling from contacts 103 to contacts 101
and 102 1n certain prior art connectors. Accordingly, the
amount of differential-to-common mode crosstalk received
on pair 2 when pair 3 1s excited differentially may be
reduced. A corresponding reduction in differential-to-com-
mon mode crosstalk on pair 4 1n response to pair 3 being
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excited differentially may also be observed due to the similar
current splitting on contact 106.

In the jack of FIGS. 3-8, the magnetic field around contact
103 (and contact 106) 1s extended as current now also flows
from the contact region 103¢ to the portion of the distal end
1035 of the contact that mates with contact pad 173 (or 176).
However, this extended portion of the magnetic field gen-
erated around contact 103 does not result 1n significant
coupling onto contacts 101 and 102 because imnduced cur-
rents cannot flow between their contact regions 101¢ and
102¢ and their distal ends 1015 and 1025, since no conduc-
tive paths connect these distal ends to the corresponding
IDC’s 141 and 142.

FIG. 9 1s a schematic diagram that depicts the wiring
board 120 and two of the contacts 103, 106 of a communi-
cations connector according to further embodiments of the
present ivention. The connector of FIG. 9 may be very
similar to the connector 100 of FIGS. 3-8, discussed above,
except that 1n the connector of FIG. 9, the conductive traces
123 and 126 of the connector of FIGS. 3-8 follow diflerent
paths on the printed wiring board 120, and hence are labeled
conductive traces 123' and 126' in FIG. 9. In particular, as
shown 1n FIG. 9, conductive trace 123!, mstead of running
directly underneath contact 103, follows a path that moves
conductive trace 123' farther away from contacts 101 and
102, and closer to contacts 107 and 108. Similarly, conduc-
tive trace 126, instead of running directly underneath con-
tact 106, follows a path that moves conductive trace 126
tarther away from contacts 107 and 108, and closer to
contacts 101 and 102. In this manner, the magnetic coupling
of signal energy from conductive trace 123' onto contacts
101 and 102 may be reduced further by the increased
physical distance, and the magnetic coupling of signal
energy from conductive trace 126' onto contacts 107 and 108
may similarly be reduced. Moreover, by moving conductive
trace 123' closer to contacts 107 and 108, 1t 1s possible to
cancel a greater percentage ol the signal energy coupled
from contact 106 onto contacts 107 and 108 (as conductive
trace 123" and contact 106 carry opposite signals). Similarly,
it 1s also possible to cancel a greater percentage of the signal
energy coupled from contact 103 onto contacts 101 and 102
(as conductive trace 126' and contact 103 carry opposite
signals). Thus, in this manner, even further reduction 1in the
differential-to-common mode crosstalk onto pairs 2 and 4 1n
response to the differential excitation of pair 3 can be
achieved. In the particular embodiment of FIG. 9, conduc-
tive trace 123' 1s moved closer to contacts 107 and 108 and
conductive trace 126' 1s moved closer to contacts 101 and
102 by crossing conductive traces 123' and 126' twice on the
wiring board 120. While i FIG. 9, for ease of explanation,
conductive traces 123' and 126' are both shown as running
on the top layer of the wiring board, it will be understood
that 1n practice at least part of one or both of these traces
would typically be implemented on different layers of the
wiring board i order to, among other things, facilitate
implementing the above-described crossover.

It will also be appreciated 1n light of the present disclosure
that split current paths may be included on pairs other than,
or additional to, pair 3. By way of example, FIGS. 10 and 11
depict the communications insert 210 of another jack 200
according to further embodiments of the present invention.
The jack 200 1s very similar to the jack 100 depicted 1n
FIGS. 3-8 above, except that (1) the pair 3 contacts include
a crossover instead of the pair 1, 2 and 4 contacts and (2)
current splitting 1s performed on pairs 2 and 4 1nstead of pair
3. Specifically, as shown i1n FIG. 10, eight contact wires
201-208 are mounted on a top surface of a printed circuit
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board 220. Contacts 204 and 205 comprise pair 1, contacts
201 and 202 comprise pair 2, contacts 203 and 206 comprise
pair 3, and contacts 207 and 208 comprise pair 4. In contrast
to the jack 100 of FIGS. 3-8, contacts 201-202, 204-205 and
2077-208 are straight contacts that do not include a crossover.
Contacts 203 and 206, on the other hand include a crossover
209aq. In addition to providing differential-to-differential
crosstalk compensation on the same pair combinations com-
pensated by the jack 100 of FIG. 3, this crossover 209q also
provides compensation for the differential-to-common mode
crosstalk induced on pairs 2 and 4 when pair 3 1s excited
differentially.

Since the jack 200 does not include crossovers on pairs 2
and 4, 1t does not compensate for the diflerential-to-common
mode crosstalk occurring on pair 3 or pair 1 when pairs 2 or
4 are excited differentially. The impact of such differential-
to-common mode crosstalk can be reduced, however, by
implementing the current splitting techniques according to
embodiments of the present invention on the conductors of
pairs 2 and 4 1n the jack 200, as shown i FIG. 11. In
particular, a plurality of conductive pads 271-278 are pro-
vided adjacent the top forward edge of the wiring board 220.
These conductive pads are aligned under the distal ends of
contacts 201-208, respectively. The contacts 201-208 are
mounted in contact apertures 231-238, which are shown 1n
FIG. 11. As 1s also shown 1n FIG. 11, a conductive trace 221
1s provided on the wiring board 220 that electrically con-
nects contact pad 271 to contact aperture 231. A second
conductive trace 222 1s provided on the wiring board 220
that electrically connects contact pad 272 to contact aperture
232. A third conductive trace 227 1s provided on the wiring
board 220 that electrically connects contact pad 277 to
contact aperture 237. A fourth conductive trace 228 1is
provided on the wiring board 220 that electrically connects
contact pad 278 to contact aperture 238. In the particular
embodiment shown 1n FIG. 11, the conductive traces 221
and 222 cross twice on the wiring board 220, and the
conductive traces 227 and 228 cross twice on the wiring
board 220. While conductive traces 221, 222, 227 and 228
are all shown 1n FIG. 11 as being implemented on the top
surface of the wiring board 220, 1t will be appreciated that
part or all of these conductive traces would typically include
conductive trace segments that reside on other layers of the
wiring board 220 in order to, among other things, facilitate
implementing the above-described crossovers. Thus by
splitting the current on the conductors of pair 2 and pair 4 so
that a portion of the current flows through the distal ends of
the respective contacts and through conductive traces 221,
222, 227 and 228 on the wiring board 220, the di: Terentlal-
to-common mode crosstalk induced onto pair 3 or pair 1
when either of pairs 2 or pair 4 are differentially excited can
be reduced. It will be appreciated, however, that the con-
ductive traces 221 and 222 or the conductive traces 227 and
228, shown 1n FIG. 11, need neither be twice crossed, nor
crossed at all, 1n order to achieve a reduction 1n the afore-
mentioned differential-to-common mode crosstalk.

Pursuant to yet further embodiments of the present inven-
tion, connectors may be provided in which the current
flowing through one or both of contacts 104 and 105 of pair
may be split to reduce the differential-to-common mode
crosstalk from pair 1 to the side pairs 2 and 4. It will also be
appreciated that the split current paths may be provided on
only one conductor of a diflerential pair.

Pursuant to embodiments of the present invention, the
percentage according to which the incident signal 1s divided
between the two split current paths (e.g., components 178
and 179 described above with respect to the example of FIG.
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8) may be controlled to improve the performance of the
connector 100. As noted above, the portions of the contacts
that include the crossovers 109a, 1095, 109¢ provide dii-
terential-to-differential crosstalk compensation, and the con-
nector 100 may be designed to allow suflicient current flow

through the fixed ends 1034 and 106a of the contacts 103

and 106, respectively, so as to provide suflicient inductive
differential-to-differential crosstalk compensation. How-
ever, less than 100% of the current flows through the fixed
ends 103a, 106a of contacts 103 and 106, respectively, 1n
order to, among other things, reduce the differential-to-
common mode crosstalk receirved by the contacts of pairs 2

* [

and 4 when pair 3 1s excited differentially. In certain embodi-
ments of the present invention, the connector 100 may be
configured so that at least 50% of the signal current incident
on a contact (such as contacts 103 and 106) that includes a
split signal carrying path travels on the signal path that has
current flowing toward the distal ends 1035, 1065 of the
contacts and through contact pads 173, 176. In some
embodiments, the connector 100 maybe configured so that at
least 75% of the signal current incident on a contact (such as
contacts 103 and 106) that includes a split signal carrying
path travels on the signal path that has current flowing
toward the distal ends 1035, 1065 of the contacts and
through contact pads 173, 176.

The percentage of signal current that tlows along each of
the split signal paths may be controlled, for example, by
adjusting the thickness, length, width and materials of the
conductive elements (e.g., contacts, contact pads, conduc-
tive trace segments, etc.) in each of the split signal paths, or
by replacing these conductive elements or certain segments
of them by embedded or discreet resistors. Moreover, 1n
certain embodiments of the present invention, self-coupling
sections may be provided on certain of the conductors within
the connector in order to control the amount of current
flowing down the split current paths between an input
terminal (e.g., contact) and output terminal of the connector.
For example, FIG. 12 1s a plan view of a wiring board 120
that could be used with the connector 100 instead of the
wiring board 120 discussed above. As shown i FIG. 12, a
conductive trace 163' connects contact aperture 133 to IDC
143. The conductive trace 163', along with the portion of the
contact 103 extending from the contact region 103c¢ to the
fixed portion 103¢ (the contact 103 1s not shown 1n FIG. 12,
but 1s depicted 1n FIGS. 3-4 and 7) comprises the first of two
split current paths from the contact region 103¢ to DC 143
as described above with respect to FIGS. 3-8. As shown 1n
FIG. 12, the conductive trace 163' includes a self-coupling
section 160 where a first portion of the conductive trace 163’
inductively couples signal energy onto a second portion of
the conductive trace 163'. This self inductance may act to
force more current to tlow through the second of the split
current paths which includes the portion of the contact 103
between the contact region 103¢ and the contact distal end
103b6. Thus, self-inductive sections on a current path may
also be used to control the amount of current that flows
through the two separate current paths that may be provided
pursuant to embodiments of the present invention.

It will be appreciated that the self inductive section may
be implemented in a variety of different ways, and need not
be implemented in the particular manner shown in the
embodiment of FIG. 12. For example, 1n other embodi-
ments, the self-inductive sections on the current paths could
be implemented on multiple layers of the wiring board using,
plated-through vias or they may be replaced by embedded or
discreet inductors.
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In various embodiments of the present invention dis-
cussed above, two separate conductive paths are provided
from the contact region of a contact of the communications
connector to another point (an “intersection point”) in the
conductive path between the contact region and an output
terminal of the connector such as, for example, the contact
aperture, where the two separate conductive paths intersect.
As these two separate conductive paths join or meet at both
the contact region and at the intersection point, the two
separate conductive paths together form a “conductive
loop.” A signal 1s transierred onto this conductive loop at, for
example, the contact region of a contact and 1s then split so
that part of the signal current travels around the loop 1 a
clockwise direction, while the remainder of the signal cur-
rent travels around the loop 1n a counterclockwise direction.
The signals are recombined at the intersection point at the far
end of the conductive loop, where they are transierred to
another conductor or to an output terminal of the connector.
Thus, 1t will be appreciated that herein, the term “conductive
loop™ refers to a conductive element or elements that form
two separate conductive paths from an 1nput region to the
loop (e.g., the contact region of the contact) to an output
region of the loop (e.g., the intersection point). The conduc-
tive loops of embodiments of the present invention may
include conductive elements that branch off from the loop
such as, for example, traces on a printed circuit board that
clectrically connect to interdigitated finger capacitors. It will
be appreciated that the conductive loop need not be circular,
but instead can have any 2-dimensional or 3-dimensional
shape.

The skilled artisan will recogmize that, although eight
contact wires are 1illustrated and described herein, other
numbers of contact wires may be employed. For example,
16 contact wires may be employed, and one or more
crossovers that cross over a pair of contact wires sandwiched
therebetween may be included 1n those contact wires. The
skilled artisan will likewise recognize that that contacts can
extend 1nto the plug aperture of the jack frame from a variety
of different directions, such as from the front of the jack,
from the back of the jack, and from the bottom of the jack
or the top of the jack. The skilled artisan will also recognize
that more than two current paths may be provided. For
example, the current flowing through a connector may be
split into three, four or more current paths. Thus, while the
examples described herein focus on embodiments 1n which
two split current paths are provided, it will be appreciated
that the present invention i1s not limited to such embodi-
ments.

Further, those skilled 1n this art will recognize that other
jack configurations may also be suitable for use with the
present invention. For example, as discussed above, other
configurations of jack frames, covers and terminal housings
may also be employed with the present invention. As another
example, the contact wires may have a different profile (an
exemplary alternative profile 1s depicted in U.S. Pat. No.
6,165,023 to Troutman et al.), or they may be substituted for
by conductive paths on a flexible circuit, or they may mount
in locations that do not follow the “dual diagonal” mounting
scheme illustrated herein (an exemplary alternative in which
the contact wires are staggered 1s illustrated 1n U.S. Pat. No.
6,116,964 to Goodrich et al). As a further example the IDCs
may mount in a different pattern on the wiring board, or
some other type of output terminal may be used. Those
skilled 1n this art will also recognize that embodiments of the
wiring board described above may be employed in other
environments in which a communications jack may be
found. For example, modular jacks according to embodi-
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ments of the present invention may be included within a
multi-jack patch panel insert such as, for example, a 6-jack
set of modular jacks. Other environments may also be
possible.

Those skilled 1n the art will further recognize that the
current splitting techniques of this invention can be imple-
mented, with similar beneficial eflects, by configuring the
conductors of jacks of umitized construction utilizing metal-
lic lead-frame structures instead of printed wiring boards to
achieve the required connectivity and crosstalk compensa-
tion. It will also be appreciated that the current splitting
techniques of the present invention may be used for a variety
of different purposes including, for example, reducing dii-
ferential-to-common mode or differential-to-diflerential
crosstalk, improving return loss or attenuation, providing
redundant communication paths, limiting the current tlow-
ing through a particular path, increasing current carrying
capacity, eftc.

Further, those skilled 1n the art will recognize the reci-
procity that exists between the differential to common mode
crosstalk 1induced on a first pair, when a second pair is
excited differentially, and the common mode to differential
signal induced on the second of these pairs when the first of
these pairs 1s excited common-modally, with the common
mode to differential crosstalk equaling the differential to
common mode crosstalk multiplied by a constant, that
constant being the ratio of the differential to common mode
impedances. Consequently, when an improvement occurs,
due to the current invention, in the differential to common
mode crosstalk between two pairs when one of these pairs 1s
excited differentially, a corresponding improvement occurs
in the common mode to differential crosstalk between these
two pairs when the other of these pairs 1s excited common-
modally.

The foregoing 1s 1llustrative of the present invention and
1s not to be construed as limiting thereof. Although exem-
plary embodiments of this invention have been described,
those skilled in the art will readily appreciate that many
modifications are possible 1n the exemplary embodiments
without matenally departing from the novel teachings and
advantages of this invention. Accordingly, all such modifi-
cations are intended to be 1included within the scope of this
invention as defined 1n the claims. The invention 1s defined
by the following claims, with equivalents of the claims to be
included therein.

That which 1s claimed 1s:

1. A communications connector, comprising:

a first contact having a first section and a second section

that are separated by a contact region;

a first output terminal that is electrically connected to the
contact region of the first contact by a first conductive
path;

a second contact having a first section and a second
section that are separated by a contact region;

a second output terminal that 1s electrically connected to
the contact region of the second contact by a second
conductive path;

wherein the first conductive path includes a first segment
that extends from the contact region of the first contact
through at least a portion of the first section of the first
contact and a second segment that extends from the
contact region of the first contact through at least a
portion of the second section of the first contact.

2. The communications connector of claim 1, wherein the
first and second segments of the first conductive path
intersect at the contact region of the first contact and at a first
end of a third segment of the first conductive path that
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connects the first and second segments of the first conduc-
tive path to the first output terminal.

3. The communications connector of claim 1, wherein an
end portion of the first section of the first contact 1s mounted
in a wiring board and wherein the second segment of the first
conductive path includes a contact pad on the wiring board
that mates with a portion of the second section of the first
contact when a mating connector 1s mserted into the com-
munications connector.

4. The communications connector of claim 3, wherein the
second segment of the first conductive path further includes
a first conductive trace on the wiring board that 1s electri-
cally connected to the contact pad.

5. The communications connector of claim 4, wherein the
first conductive path further includes a second conductive
trace on the wiring board that comprises at least part of an
clectrical path between the first section of the first contact
and the first output terminal.

6. The communications connector of claim 5, wherein the
first conductive trace intersects the electrical path between
the first section of the first contact and the first output
terminal.

7. The communications connector of claim 3, further
comprising;

a third contact:

a third output terminal that 1s connected to a contact

region of the third contact by a third conductive path;

a fourth contact; and

a fourth output terminal that 1s connected to a contact

region of the fourth contact by a fourth conductive
path;

wherein the first contact and the second contact together

comprise a first differential pair of contacts, and
wherein the third contact and the fourth contact together
comprise a second differential pair of contacts.

8. The communications connector of claim 7, wherein the
contact region of the third contact and the contact region of
the fourth contact are sandwiched between the contact
region of the first contact and the contact region of the
second contact.

9. The communications connector of claim 1, wherein the
second conductive path includes a first segment that extends
from the contact region of the second contact through at least
a portion of the first section of the second contact and a
second segment that extends from the contact region of the
second contact through at least a portion of the second
section of the second contact.

10. The communications connector of claim 3, wherein
the first and second segments of the first conductive path are
s1zed and configured so that at least 50 percent of a current
applied to the contact region of the first contact travels
through the second segment of the first conductive path.

11. The communications connector of claim 3, wherein
the first and second segments of the first conductive path are
s1zed and configured so that at least 75 percent of a current
applied to the contact region of the first contact travels
through the second segment of the first conductive path.

12. The communications connector of claim 4, wherein
the first contact and the second contact together comprise a
first differential pair of contacts, the connector further com-
prising:

a second differential pair of contacts between the first

contact and the second contact;

a third differential pair of contacts adjacent the first

contact; and

a fourth differential pair of contacts adjacent the second

contact, and
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wherein the second conductive path includes a first seg-
ment that extends from the contact region of the second
contact through at least a portion of the first section of
the second contact and a second segment that extends

22

contacts, wherein the third differential pair of contacts is
adjacent the second differential pair of contacts.

22. The communications connector of claim 1, further
comprising a self inductive section on the first conductive

from the contact region of the second contact through 5 path.

at least a portion of the second section of the second
contact,

wherein the first and second segments of the second
conductive path intersect at the contact region of the
second contact and at a first end of a third segment of
the second conductive path that connects the first and
second segments of the second conductive path to the
second output terminal,

wherein an end portion of the first section of the second
contact 1s mounted in the wiring board and wherein the
second segment of the second conductive path includes
a second contact pad on the wiring board that mates

with a portion of the second section of the second
contact when a mating connector 1s inserted into the
communications connector, and

wherein the second segment of the second conductive

path further includes a third conductive trace on the
wiring board that 1s electrically connected to the second
contact pad.

13. The communications connector of claim 12, wherein
the first conductive trace and the third conductive trace form
a crossover on the wiring board.

14. The communications connector of claim 4, further
comprising;

a second differential pair of contacts between the first

contact and the second contact; and

a third differential pair of contacts adjacent the first

contact,

wherein the magnetic coupling between the first contact

and the third differential pair that results when a first
current 1s applied to the contact region of the first
contact 1s reduced due to having some of the first
current flowing in the second segment.

15. The communications connector of claim 1, wherein
the first segment and the second segment together form a
conductive loop.

16. The communications connector of claim 15, wherein

when the current on the first segment has an instantaneous
current that flows 1n a clockwise direction on the conductive

loop, the current on the second segment has an instantaneous
current that flows 1n a counterclockwise direction.

17. The communications connector of claim 7, wherein
the third and fourth contacts crossover each other.

18. The communications connector of claim 17, the
connector further comprising a third differential pair of
contacts, wherein the contact regions of the contacts forming
the third differential pair of contacts are sandwiched by the
contact region of the third contact and the contact region of
the fourth contact.

19. The communications connector of claim 17, wherein

the contact region of the third contact and the contact region
of the fourth contact are sandwiched between the contact

region of the first contact and the contact region of the
second contact.

20. The communications connector of claim 17, wherein

the contact region of the first contact and the contact region
of the second contact are sandwiched between the contact

region of the third contact and the contact region of the
fourth contact.

21. The communications connector or claim 20, the
connector further comprising a third differential pair of
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23. A modular jack comprising:

a plurality of contacts, each of the contacts including a
fixed portion, a distal end and a contact region that 1s
located between the fixed portion and the distal end;

a plurality of output terminals that are electrically con-
nected to respective ones of the plurality of contacts;

wherein the electrical connection between a first of the
plurality of contacts and a first of the plurality of output
terminals to which it 1s electrically connected com-
prises a first conductive path and a separate second
conductive path such that signal energy incident on the
first of the plurality of contacts 1s split into a first
component that travels to the first of the plurality of
output terminals via the first conductive path and a
second component that travels to the first of the plu-
rality of output terminals via the second conductive
path.

24. The modular jack of claim 23, wherein the first
conductive path and the second conductive path join
together at an intersection point, and wherein a third con-
ductive path electrically connects the intersection point to
the first of the plurality of output terminals.

25. The modular jack of claim 24, wherein the first
conductive path extends from the contact region on the first
of the plurality of contacts through the fixed portion of the
first of the plurality of contacts to the intersection point.

26. The modular jack of claim 235, wherein the second
conductive path extends from the contact region on the first
of the plurality of contacts through at least a portion of the
first of the plurality of contacts between the contact region
and the distal end of the first of the plurality of contacts to
the 1ntersection point.

27. The modular jack of claim 26, wherein the second
conductive path further includes a contact pad on a wiring
board that makes electrical contact with the first of the
plurality of contacts when a mating connector 1s inserted
into the communications connector, and wherein the second
conductive path also includes a first conductive trace on the
wiring board that electrically connects the contact pad to the
intersection point.

28. The modular jack of claim 23, wherein the first
conductive path and the separate second conductive path
together form a conductive loop.

29. The modular jack of claim 28, wherein when the
current on the first conductive path has an instantaneous
current that flows 1n a clockwise direction on the conductive
loop, the current on the second conductive path has an
instantaneous current that flows 1n a counterclockwise direc-
tion.

30. A modular jack, comprising:

a first contact having a fixed end, a free end and a contact

region that 1s configured to make electrical contact with
a contact of a mating modular plug;

a first output terminal;

a first conductive path that 1s configured to carry current
flowing from the contact region of the first contact
toward the free end of the first contact to the first output
terminal; and

a second conductive path that 1s configured to carry
current tlowing from the contact region of the first
contact toward the fixed end of the first contact to the
first output terminal.
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31. The modular jack of claim 30, further comprising:

a wiring board that includes a first contact pad that makes
clectrical contact with the first contact when the modu-
lar plug 1s inserted into the modular jack and a first
conductive trace that connects the first contact pad to
the first output terminal,

wherein the first contact pad and the first conductive trace
are part of the first conductive path.

32. The modular jack of claim 31, wherein the second
conductive path includes a second conductive trace on the
wiring board that connects the fixed end of the first contact
to the first output terminal.

33. The modular jack of claim 32, wherein the first
conductive trace includes at least a portion of the second
conductive trace.

34. The modular jack of claim 31, further comprising:

a second contact having a fixed end, a free end and a
contact region that 1s configured to make electrical
contact with a second contact of a mating modular
plug;

a second output terminal;

a third conductive path that 1s configured to carry current
flowing from the contact region of the second contact
towards the free end of the second contact to the second
output terminal;

a fourth conductive path that 1s configured to carry current
flowing from the contact region of the second contact
towards the fixed end of the second contact to the
second output terminal; and

a second contact pad on the wiring board that makes
clectrical contact with the second contact when the
modular plug 1s inserted into the modular jack and a
third conductive trace that connects the second contact
pad to the second output terminal,

wherein the second contact pad and the third conductive
trace are part of the third conductive path, and
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wherein the first and second contacts comprise a first

differential pair.

35. The modular jack of claim 34, further comprising;:

a second differential pair of contacts between the first

contact and the second contact;

a third differential pair of contacts adjacent the first

contact; and

a fourth differential pair of contacts adjacent the second

contact, and

wherein the first conductive trace and the third conductive

trace cross on the wiring board.

36. The modular jack of claim 30, wherein the first
conductive path and the separate second conductive path
together form a conductive loop.

37. The modular jack of claim 30, further comprising a
self inductive section on the second conductive path.

38. A method of conducting a communications signal
through a communications connector, the method compris-
ng:

recerving the communications signal at a contact region of

a contact of the communications connector:;

splitting the received communications signal mto a first

component and a second component;

conducting the first component through at least a portion

of the communications connector on a first conductive
path;

conducting the second component through at least a

portion of the communications connector on a second
conductive path that 1s different from the first conduc-
tive path;

recombining the first component and the second compo-

nent to form a recombined communications signal; and
outputting the recombined communications signal at an
output terminal of the communications connector.
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